A novel Gram-stain-positive strain with sandy aerial mycelium and golden yellow substrate mycelium, designated fd2-tb T , was isolated from a soil sample collected in Shanghai, China, and its taxonomic status was established by phylogenetic analysis. 16S rRNA gene sequence analysis showed that strain fd2-tb T belonged to the genus Streptomyces and was related to LL-diaminopimelic acid, and whole-cell sugars were identified as glucose and ribose. The menaquinones MK-9(H 4 ), MK-9(H 6 ) and MK-9(H 8 ) were also detected. In addition, the polar lipids diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, as well as five unidentified phospholipids, were detected. Major cellular fatty acids were identified as anteiso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 , iso-C 15 : 0 and C 16 : 0 . DNA-DNA hybridization experiments showed that strain fd2-tb T exhibited 36.5¡0.6 %, 43.5¡2.0 %, 11.1¡1.3 %, 10.3¡3.1 %, 9.8¡1.9 %, 48.9¡3.9 % and 16.3¡1.7 % relatedness to S. amritsarensis JCM 40119660 T
, respectively. Based on these analyses as well as some phenotypic differences, strain fd2-tb T is considered to represent a novel species of the genus Streptomyces, for which the name Streptomyces yangpuensis sp. nov. is proposed. The type strain is fd2-tb T (5DSM 100336 T 5CGMCC 4.7256 T ).
Streptomycetes have been highly regarded for their important characteristics since they were established by Waksman (1943) . The ability to form a substrate mycelium and aerial hyphae, a high genomic DNA G+C content of 69 to 73 mol%, as well as a cell wall containing LL-diaminopimelic acid (LL-DAP) and glycine, but not a characteristic sugar, are typical characteristics of Streptomycetes (Williams et al., 1983) . The genus Streptomyces consisting of Gram-positive filamentous bacteria belongs to the class Actinobacteria.
Members of the genus Streptomyces have a wide range of metabolic abilities and produce numerous enzymes and chemical compounds, including antibiotics, enzyme inhibitors, vitamins, antitumour agents and antifungal compounds (Goodfellow & Fiedler, 2010; Labeda et al., 2012) . Many studies have focused on Streptomyces, which is the largest genus in the domain Bacteria, and at the time of writing, 3These authors contributed equally to this work.
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On: Sun, 03 Feb 2019 23:05:32 contains more than 690 species and subspecies with validly published names (Munoz et al., 2011; Parte, 2014; Quast et al., 2013) . In this study, we performed a polyphasic taxonomic investigation of strain fd2-tb T and found that the isolate represents a novel species of the genus Streptomyces.
Strain fd2-tb
T was isolated from a soil sample collected at Fudan University (318 309 N 1218 519 E), Shanghai, China, in September 2013. The strain was recovered on Gause9s synthetic agar (Gause et al., 1983) . The isolate fd2-tb T was purified on glucose-yeast-maltose (GYM; Shima et al., 1996) medium and maintained as suspension of mycelia fragments in glycerol (20 %, v/v) T (5DSM40815 T ) were purchased from the Japan Collection of Microorganisms (JCM) and Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ) and used as reference strains in the study. All strains were cultured on GYM medium at 28 8C for further comparisons.
The isolate was studied for cultural and morphological features after growth on several standard media at 28 8C for 2 weeks. Cultural properties were investigated using yeast extract-malt extract (ISP 2), oatmeal (ISP 3), inorganic saltstarch (ISP 4), glycerol-asparagine (ISP 5), peptone-yeast extract-iron (ISP 6) and tyrosine (ISP 7) agars recommended by the International Streptomyces Project (ISP; Shirling & Gottlieb, 1966) , as well as Gause's synthetic medium and Bennett's agar (Jones, 1949) , all at pH 7.0. Morphological observations of strain fd2-tb T revealed that the isolate had typical characteristics of the genus Streptomyces. The growth of strain fd2-tb T was well supported on GYM medium, ISP 2, ISP 3, ISP 4 and Gause's medium, and these media were appropriate for the production of spores. Growth was moderate on ISP 7 and Bennett's medium, and poor on ISP 5, ISP 6 and nutrient agar where spores were not produced (Table  S1 , available in the online Supplementary Material).
The Inter-Society Colour Council-National Bureau of Standards (ISCC-NBS) colour charts were used to determine the designations of colony colours (Kelly, 1964) . A golden yellow pigment of strain fd2-tb T was evident on ISP 2 and GYM medium. The colour of the aerial mycelium was sandy on ISP 2 and ISP 3 medium, pale brown on ISP 4 and light brown on ISP 7 and Gause's medium. The colour of the substrate mycelium was golden yellow on ISP 2, cream on ISP 3, beige on ISP 4, ISP 7, Gause's medium and Bennett's medium, and pale yellow on ISP 5, ISP 6 and nutrient agar. All strains showed a variety of aerial and substrate mycelium colours on different media. The seven reference strains that are closely related to strain fd2-tb T showed both morphological similarities and differences (Table S1 ).
Growth at different temperatures (10, 28, 37, 40 and 45 8C) , pH range (pH 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0) and NaCl tolerance (0-6 % NaCl, w/v) were determined on GYM medium after incubation for 2 weeks. Strain fd2-tb T grew at 10-40 8C (optimally at 28-30 8C), from pH 5.0 to 10.0, which was a much broader pH range than that of the seven reference strains (except S. katrae DSM 40550
T ), and in the NaCl range 0-4 % (w/v), although growth was poor in the presence of .3 % NaCl. Spore chain morphology and spore surface ornamentation of strain fd2-tb T were observed after incubation at 28 8C for 14 days on GYM medium using a cold-field emission scanning electron microscope (New Generation SU8010, SU8000 Series; Hitachi). Aerial hyphae differentiated into straight chains of smooth-surfaced and oval spores with a regular line pattern on their surface (Fig. 1 ).
The utilization of various substrates as sole carbon and energy sources was determined as described by Shirling & Gottlieb (1966) . Nitrogen source utilization tests were performed as described by Williams et al. (1983) . Strain fd2-tb T could use cellobiose, D-glucose, maltose, L-rhamnose, dextrin and starch as carbon sources, and L-asparagine, DL-arginine and glycine as nitrogen sources. The range of nitrogen sources for strain fd2-tb T was narrow compared with some of the seven reference strains. Differential characteristics between strain fd2-tb T and its closest phylogenetic relatives in the genus Streptomyces are shown in Table 1 . The genomic DNA of strain fd2-tb T was extracted using the method described by Kim et al. (1998) and the 16S rRNA gene was amplified by PCR using primers 8F (59-AGAGT-TTGATCCTGGCTCAG-39) (Turner et al., 1999) and 1492R (59-GGTTACCTTGTTACGACTT-39) (Lane, 1991) . The amplified product was cloned into pMD19T-vector (TaKaRa Bio) and was sequenced using an ABI 3730 XL automatic sequencer with M13/pUC forward and reverse primers. The closest phylogenetic neighbours based on 16S rRNA gene similarities were identified using the EzTaxon server (http://www.ezbiocloud.net; Kim et al., 2012) . The highest 16S rRNA gene sequence similarities between the isolate and most closely related strains were 99.9 % (1 nt differences at 1463 sites) with S. amritsarensis JCM 19660 T , 99.9 % (1 nt differences at 1461 sites) with S. flavotricini NBRC 12770 T , 99.8 % (3 nt differences at 1456 sites) with S. polychromogenes NBRC 13072 T , 99.7 % (6 nt differences at 1483 sites) with S. racemochromogenes NRRL B-5430 T , 99.5 % (10 nt differences at 1464 sites) with S. globosus LMG 19896 T , 99.5 % (10 nt differences at 1461 sites) with S. toxytricini NBRC 12823
T and 99.3 % (12 nt differences at 1461 sites) with S. katrae NBRC 13447
T . The resultant, almostcomplete 16S rRNA gene sequence of strain fd2-tb T (1485 nt) was aligned with sequences of 26 recognised species of genus Streptomyces using the MUSCLE (Edgar, 2004) algorithm of the MEGA 5 software package (Tamura et al., 2011) . The neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1992) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969) methods in the MEGA 5 software package were used to reconstruct phylogenetic trees with Kitasatospora nipponensis HKI 0315
T as an outgroup. The topology of the phylogenetic tree was evaluated using the bootstrap resampling method with 1000 repeats (Felsenstein, 1985) . The results of the phylogenetic analysis of the 16S rRNA gene sequence based on the neighbourjoining algorithm showed that strain fd2-tb T formed a subclade within the genus Streptomyces (Fig. 2) , which was also supported by the minimum-evolution, maximum-parsimony and maximum-likelihood methods. In the phylogenetic tree, strain fd2-tb T T and S. katrae NBRC 13447 T . These tests were carried out as described by De Ley et al. (1970) , with considerations of the modifications described by Huss et al. (1983) , using a Perkin Elmer Lambda 35 UV/VIS spectrophotometer and a Perkin Elmer PTP-1 Peltier System T were 36.5¡0.6 %, 43.5¡2.0 %, 48.9¡3.9 %, 10.3¡3.1 %, 16.3¡1.7 %, 11.1¡1.3 % and 9.8¡1.9 %, respectively. These values were all well below the 70 % cut-off point recommended for assigning bacterial strains to the same genomic species (Wayne et al., 1987) . The DNA G+C content of strain fd2-tb T was determined to be 72.0 mol% by whole genome sequencing using the Illumina Hi-seq 2500 platform.
Strain fd2-tb T was examined for chemical properties known to be a value in Streptomycetaceae systematics (Kämpfer, 2012a, b) . Standard chromatographic procedures were used to determine the isomers of diaminopimelic acid (Staneck & Roberts, 1974) , menaquinones (Collin, 1985; Kroppenstedt, 1985) , polar lipids (Minnikin et al., 1984) , whole-cell wall sugars (Lechevalier & Lechevalier, 1970) and fatty acids (Sasser, 1990) . The menaquinones of strain fd2-tb T were identified as MK-9(H 4 ) (27.0 %), MK-9(H 6 ) (62.6 %) and MK-9(H 8 ) (10.4 %). These findings are in agreement with those reported by Kim et al. (2003) , who showed that the predominant menaquinones of members of the genus Streptomyces were MK-9(H 6 ) and MK-9(H 8 ). The cell wall of strain fd2-tb T was found to contain alanine, glutamic acid, glycine and LL-diaminopimelic acid, which is indicative of cell-wall type I (Lechevalier & Lechevalier, 1970) . Ribose and glucose were found in the whole-cell hydrolysates. Polar lipids included diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and five unidentified phospholipids (Fig. S1) . The major fatty acids (.8 %) of strain fd2-tb T were identified as anteiso-C 15 : 0 (29.1 %), iso-C 16 : 0 (18.2 %), anteiso-C 17 : 0 (10.1 %), iso-C 15 : 0 (9.3 %) and C 16 : 0 (8.3 %). In addition, iso-C 14 : 0 (5.5 %), C 16 : 1 v7c/C 16 : 1 v6c (4.4 %), iso-C 17 : 0 (3.8 %), anteiso-C 17 : 1 v9c (2.4 %), iso-C 16 : 1 H (2.3 %), iso-C 17 : 1 v9c (1.8 %), C 17 : 0 (1.3 %) and C 17 : 0 cyclo (1.2 %) were identified as minor fatty acids (.1 %) (Table S2) .
These combined data demonstrate that strain fd2-tb T represents a novel species of the genus Streptomyces, for which the name Streptomyces yangpuensis sp. nov. is proposed.
Description of Streptomyces yangpuensis sp. nov.
Streptomyces yangpuensis (yang.pu.en9sis. N.L. masc. adj. yangpuensis of or belonging to Yangpu, Shanghai, China, where the type strain was isolated).
Aerobic, Gram-stain-positive, non-motile actinomycete with branching aerial and substrate mycelia that differentiate into long chains of spores in sections. Mature aerial hyphae produce spores that are oval with a line pattern on their surface. Grows well on GYM medium, ISP 2, ISP 3, ISP 4 and Gause's medium, and moderately well on ISP 7 and Bennett's medium. No growth is observed on ISP 5, ISP 6 or nutrient agar. Produces golden yellow pigments on ISP 2 and GYM medium. The colour of the aerial mycelium is sandy on ISP 2 and ISP 3, pale brown on ISP 4, and light brown on ISP 7 and Gause's medium. Substrate mycelium is golden yellow on ISP 2, cream on ISP 3, beige on ISP 4, ISP 7, Gause's medium and Bennett's medium, and pale yellow on ISP 5, ISP 6 and nutrient agar. The temperature range for growth is 10-40 uC, with the optimum growth occurring at 28-30 uC. Grows at pH 5.0-10.0, and in 0-4 % (w/v) NaCl, with optimum growth occurring from 0 to 2 % (w/v). Cellobiose, D-glucose, maltose, dextrin, starch and L-rhamnose are the exploitable sole carbon sources, and L-asparagine, DL-arginine and glycine are the exploitable sole nitrogen sources. The cell wall contains LL-DAP, and the cell hydrolysates contain glucose and ribose. The menaquinones detected are MK-9(H 4 ), MK-9(H 6 ) and MK-9(H 8 ). Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and five unidentified phospholipids are the predominant polar lipids, and anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 0 , C 16 : 0 , and anteiso-C 17 : 0 are the major fatty acids.
The type strain is fd2-tb T (5DSM 100336 T 5CGMCC 4.7256 T ), isolated from soil collected from Fudan University located in Yangpu district, China. The genomic DNA G+C content of the type strain is 72.0 mol%.
